wmmmmm 


VL-2488-3-0 


DEVELOPMENT  OF  ELECTROPHORETIC  PROCESS  FOR 

COATING  T-53  AIR  DIFFUSER,  EXHAUST  DIFFUSER,  AND 

►  *  fR) 

COMBUSTION  CHAMBER  HOUSING  WITH  "SERMETEL  W"^ 


rnmmWJmm 


mmm 


V/J& 

w. 


PHASE  III  TECHNICAL  REPORT 


K.  A.  Gebler 


7  November  1967  -  21  January  1968 


Prepared  for 

Headquarters,  U.  S,  Army  Aviation  Materiel  Command 
St.  Louis,  Missouri  63166 


Vitro  Laboratories 
West  Orange,  New  Jersey  07052 


Prepared  Under 

Contract  No.  DAAJ01-67-C-2207(G) 

Vitro  Job  No.  2488 

Distribution  of  this  Document  is  Unlimited 


^  Distribution  of  this  Docurr 

A  LABORATORIES 

^  v^V>b  division  Of  vino  cohsohation  os  amhica 

WW/  200  Pleasant  Valley  Way,  West  Orange,  N.  J. 


RoprodutvJ  bv 

ClIARINCHOUSI 

(or  (odwat  Scientific  A  Irchnieaj 
Information  Spf»nflf»old  Va  22151 


D  D  C 

ftppr^nn  nrp 
f  FEBS3WB8 

tosisinns 

B 


-«SV-  --  - 


..;>hm 


NOTICES 


DISCLAIMERS 

The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  desig¬ 
nated  by  other  authorized  documents. 

The  citation  of  trade  names  and  names  of  manufacturers 
in  this  report  is  not  to  be  construed  as  official  Government 
endorsement  or  approval  of  commercial  products  or 
services  referenced  herein. 


DISPOSITION 

Destroy  this  report  when  it  is  no  longer  needed.  Do  not 
return  it  to  the  originator. 


AD 


VL-2488-3-0 

DEVELOPMENT  OF  ELECTROPHORETIC  PROCESS  FOR 
COATING  T-53  AIR  DIFFUSER,  EXHAUST  DIFFUSER,  AND 
COMBUSTION  CHAMBER  HOUSING  WITH  "SERMETEL  W"® 

PHASE  III  TECHNICAL  REPORT 


K.  A.  Gebler 


7  November  1967  -  21  January  1968 


Prepared  for 

Headquarters,  U.  S.  Army  Aviation  Materiel  Command 
St.  Louis,  Missouri  63166 


By 

Vitro  Laboratories 
West  Orange,  New  Jersey  07052 

Prepared  Under 

Contract  No.  DAAJ01-67-C-2207(G) 

Vitro  Job  No.  2488 

Distribution  of  this  Document  is  Unlimited 


mmmn  of  vmo  eowounoM  of  ammka 


WtST  ORANOt  LABORATORY  •  200  Msauat  Vrfqr  Way,  Waal  Oraa**,  N.  J. 


ABSTRACT 


This  report  covers  activities  accomplished  during  Phase  III  of  a  ten  (lO)month 
program  to  develop  an  electrophoretic  coating  method  for  the  application  of 

"SERMETEL®W"  to  all  critical  surfaces  of  the  exhaust  diffuser,  air  dif¬ 
fuser  and  combustioh  chamber  housing  of  the  T-53  engine.  "SERMETEL  W" 
has  been  classified  by  various  engine  manufacturers  and  DOD  agencies  as  the 
best  coating  available  for  corrosion  protection. 

During  this  phase  a  support  fixture  for  loading,  unloading  and  holding  parts 
during  coating  was  designed,  fabricated  and  installed.  A  200  VDC,  50  ampere 
power  supply  was  checked  out  in  coating  experiments  on  combustion  chamber 
segments  and  found  to  be  in  good  working  order.  Full-scale  electrode  assem¬ 
blies  were  completed  for  the  air  and  exhaust  diffuser  components.  Satisfactory 
humidification  of  coated  panels  and  segments  was  obtained  at  136°F  and  relative 
humidities  of  61  and  66%.  Metallurgical  studies  of  combustion  chamber  housing 
segments  indicated  coatings  of  good  uniformity  and  salt  spray  corrosion  resis¬ 
tance. 
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FOREWORD 


This  Phase  III  Technical  Report  covers  work  performed  under  Contract  No. 
DAAJ01-67-C-2207(G)  during  the  period  7  November  1967  -  21  January  1968. 

This  program  is  being  conducted  by  the  Chemistry  and  Arc  Materials  Depart¬ 
ment,  West  Orange  Laboratory,  Vitro  Laboratories  Division.  The  program 
is  under  the  technical  direction  of  F.  E.  Stevens,  Directorate  of  Research, 
Development  and  Engineering,  AVCOM,  St.  Louis,  Missouri  63 1 16. 

Kenneth  A.  Gebler  is  the  Vitro  Project  Leader.  No  other  major  contribu¬ 
tions  were  made  to  this  report  by  other  persons. 
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OBJECTIVES 


The  developmental  effort  under  this  program  has  two  major  objectives.  The 
first  is  to  develop  the  process  methods  and  equipments  to  electrophoretically 
coat  "SERMETEL  W"  on  all  critical  surfaces  of  three  T-53  engine  components. 
These  components,  the  exhaust  diffuser,  air  diffuser,  and  combustion  chamber 
housing  are  shown  in  Figures  1,  2,  and  3,  respectively. 

The  second  objective,  after  successful  coating  procedures  and  equipment  have 
been  developed,  is  to  coat  a  minimum  of  two  parts  of  each  type  and  deliver 
these  parts  to  a  site  selected  by  the  Contracting  Officer  for  evaluation  and 
qualification  of  the  coating. 
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FIGURE  1 


EXHAUST  DIFFUSER  FOR  T-53  ENGINE 
P/N  1- ISO- 1 10-01 
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FIGURE  2 

AIR  DIFFUSER  FOR  T-5J  ENGINE 
P/N  l- 110-230-01 


PROGRAM  PLAN 


The  developmental  effort  has  been  divided  into  five  essential  phases: 

I.  Design  and  Installation  of  Coating  Equipment 

II.  Dummy  Coating  Runs  and  Refinement  of  Electrode  Design 

III.  Heat  Treatment  and  Evaluation  of  Coated  Components 

IV.  Full  Scale  Coating  Trials 

V.  Delivery  of  Final  Specimens 

Through  necessity,  the  work  in  each  of  the  five  phases  will  overlap  and 
efforts  will,  therefore,  be  concurrent  in  one  or  more  phases  as  the  program 
progresses. 
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EXPERIMENTAL  PROGRESS 


Phase  I  -  Design  and  Installation  of  Coating  Equipment 

A.  Support  Fixture 

During  this  period  a  support  fixture  for  holding  the  parts  during  coating  was 
designed,  fabricated  and  installed.  It  consists  of  two  L- shaped  steel  arms 
which  can  be  made  to  move  in  an  arc  by  means  of  a  set  of  gears  and  turning 
handle.  Photographs  of  the  support  fixture  with  a  combustion  chamber 
housing  and  anode  in  two  positions,  loading  or  unloading  and  over  the  coating 
tank  are  shown  in  Figure  4. 

B.  Power  Supply 


The  200  VDC,  50  ampere  power  supply  was  checked  out  in  November  and  used 
for  power  in  coating  several  segments  cut  from  a  combustion  chamber  housing. 
It  was  determined  from  trial  runs  that  a  timing  device  and  a  200  ohm,  250 
watt  resistor  would  be  necessary  for  efficient  and  safe  operation.  These  de¬ 
vices  are  in  process  of  being  installed. 


Phase  II  -  Dummy  Coating  Runs  and  Refinement  of  Electrode  Design 

The  first  trial  electrode  assemblies  for  the  full  size  air  and  exhaust  diffusers 
were  completed  during  this  period.  Several  views  of  each  are  shown  in  the 
photographs  of  Figures  6  and  7.  For  comparison,  the  full  size  electrode 
assembly  for  the  combustion  chamber  housing  reported  in  the  last  progress 
report  is  shown  in  Figure  5. 

Phase  III  -  Heat  Treating  and  Evaluation  of  Components 
A.  Humidification  Studies 


Coated  trial  panels  as  well  as  segments  cut  from  parts  were  humidified  after 
coating  in  a  chamber  with  a  136°F  dry  bulb  temperature  and  a  relative 
humidity  of  6l%.  In  general,  it  was  necessary  to  treat  the  parts  under  these 
conditions  for  16  hours  in  order  to  dissolve  the  dry  binder  material  in  the 
coating  and  to  improve  the  smoothness  of  the  coating  surface.  Humidification 
studies  were  also  made  with  the  chamber  at  136°F  dry  bulb  temperature  and  a 
relative  humidity  of  66%.  Under  thjse  conditions  satisfactory  humidification 
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FIGURE  5 

FULL  SIZE  ELECTRODE  ASSEMBLY 
FOR  COMBUSTION  CHAMBER  HOUSING 


FIGURE  6 


FULL  SIZE  ELECTRODE  ASSEMBLY 
FOR  AIR  DIFFUSER 
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FIGURE  7 

FULL  SIZE  ELECTRODE  ASSEMBLY 
FOR  EXHAUST  DIFFUSER 


of  the  coatings  was  obtained  in  as  little  as  2-1/2  to  3  hours.  Other  tests 
with  the  relative  humidity  at  71%  caused  excess  moisture  to  be  formed  on  the 
surfaces  of  specimens.  Undesirable  dripping  and  running  of  the  wet  binder 
occurred. 

B.  Metallographic  Studies 

Studies  were  made  during  this  period  of  the  structure  and  uniformity  of  the 
electrophoretically  deposited  SERMETEL  W  coating.  For  these  studies  the 
specimens  were  taken  from  the  side  wall  of  the  combustion  chamber  housing 
segments  which  had  been  processed  and  then  tested  for  48  and  60  hours  in  a 
5%  NaCl  spray  corrosion  chamber  at  120°F.  Excellent  performance  of  the 
coating  in  protecting  the  steel  substrate  from  the  corrosive  and  rusting 
effects  of  the  warm  salt  water-vapor  atmosphere  was  obtained.  The  photo¬ 
micrographs,  Figure  8,  show  the  typical  structure  of  these  electrophoretic 
SERMETEL  W  coatings.  Good  uniformity  is  evident.  A  recessed  metal-to- 
metal  joint  cross  section  is  also  shown  in  Figure  8  to  illustrate  what  may  be 
a  more  difficult  area  in  the  efforts  to  obtain  complete  coating  coverage  on 
these  complex  engine  components. 

G.  Corrosion  Tests 

Both  uncoated  and  coated  segments  of  a  combustion  chamber  housing  were 
exposed  for  a  nominal  test  of  60  hours  in  the  salt  fog  test  apparatus  to  deter¬ 
mine  the  effect  of  the  warm  salt  vapor  on  the  parts.  The  pieces,  after  testing, 
are  shown  in  Figure  9.  It  can  be  seen  that  the  uncoated  steel  has  oxidized 
badly  over  most  of  the  surfaces.  The  coated  part  withstood  the  effects  of  the 
corrosive  atmosphere  quite  well.  Oxidation  can  be  found  in  seam  and  joint 
areas  but  this  is  minimal,  and  it  is  expected  that  these  areas  can  be  im¬ 
proved  in  future  coating  trials. 
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FUTURE  WORK 


1.  Clean  full  scale  components  chemically  in  preparation  for  coating  trials. 

2.  Prepare  a  300  gallon  electrophoretic  SERMETEL  W  coating  dispersion. 

3.  Run  full  scale  coating  trials. 


14 


UNC  LASSIFIED 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  RAD 

_ (Smcunty  ctaamtticmtum  ot  itrta  hcdv  nt  mbatrmct  and  trtrlening j  annotation  mu  at  tm  ant  a  rad  wfim  Ihm  099  mil  rap on  ,a  ctaaa,t,ad 


t  O^irilNATlNU  *CT»u|*v  »C«/pt>M»n  mifhur;  !*•  NC^ONT  ICCUNltv  C  i  ion 


Vitro  Laboratories  Division 
Vitro  Corporation  of  America 


UNCLASSIFIED 
ib  croup 


1  REPORT  TITLE 


Development  of  Electrophoretic  Process  for  Coating  T-53  Air  Diffuser,  Exhaust 
Diffuser,  and  Combustion  Chamber  Housing  with  "SERMETEL^^W" 


4  DESCRIPTIVE  NOrES  (Typa  o I  rap oti  mnd  Inctualym  data*) 

R&D  Phase  III  Technical  Report,  7  November  1967  -  21  January  1968 


5  AUTHONfS)  (Laat  nmma.  tirat  nama.  initial) 

Gebler,  Kenneth  A. 


•  a  Contract  on  grant  no. 

DAAJOl  -67-C-2207(G) 

ft  MOJIC  T  MO 


7ft-  TOTAL  NO.  Oft  RAOE( 


VL-2488-3-Q 


Oft  OTHER  REPORT  NOtS)  (Any  orftar  nunb,ra  eftaf  mmv  ft*  A..-,;*  aiJ 
tftla  report) 


10  A  V  A  IL  A  BILI  TV/ LIMIT  AT  ION  NOTICES 

Distribution  of  this  Document  is  Unlimited 


It  SUPPLEMENTARY  NOTES 


1)  ABSTRACT 


I*  SPONSORING  MILITARY  ACTIVITY 


Directorate  Research,  Development  8. 
Engineering,  AVCOM,  St.  Louis,  Mo. 

63166 


This  report  covers  activities  accomplished  during  Phase  III  of  a  ten  (10)  month 
program  to  develop  an  electrophoretic  coating  method  for  the  application  of 

"SERMETEL®W"  to  all  critical  surfaces  of  the  exhaust  diffuser,  air  dif¬ 
fuser  and  combustion  chamber  housing  of  the  T-53  Engine.  "SERMETEL  W" 
has  been  classified  by  various  engine  manufacturers  and  DOD  agencies  as  the 
best  coating  available  for  corrosion  protection. 

During  this  phase  a  support  fixture  for  loading,  unloading  and  holding  parts 
during  coating  was  designed,  fabricated  and  installed.  A  200  VDC,  50  ampere 
power  supply  was  checked  out  in  coating  experiments  on  combustion  chamber 
segments  and  found  to  be  in  good  working  order.  Full-scale  electrode  assem¬ 
blies  were  completed  for  the  air  and  exhaust  diffuser  components.  Satisfactory 
humidification  of  coated  panels  and  segments  was  obtained  at  136°F  and  relative 
humidities  of  61  and  66%.  Metallurgical  studies  of  combustion  chamber  housing 
segments  indicated  coatings  of  good  uniformity  and  salt  spray  corrosion  resis¬ 
tance. 


Registered  Trademark,  Product  of  Teleflex,  Inc.,  North  Wales,  Pa. 


DD  1473 


Security  Clas«ifica'icn 


UNCLASSIFIED 


Security  Classification 


14 

KEY  WOODS 

LINK  A 

LINK  ■ 

LINK  C  1 

"OLC 

#T 

hOLK 

WT 

*04. « 

WT 

Electrophoretically  Coated 

Exhaust  Diffuser 

Air  Diffuser 

Combustion  Chamber  Housing 

T-  53  Engine 

Corrosion  Protection 

INSTRUCTIONS 


l.  ORIGINATING  ACTIVITY:  Enter  the  mm  end  address 
of  llw  contractor,  subcontractor,  grant**.  Depart  swot  of  De¬ 
lons*  activity  or  other  organisation  fcorpa rat*  author)  issuing 
lb*  report. 

2a.  REPORT  5ECUWTY  CLASSIFICATION:  Enter  the  over- 
all  security  classification  of  tb*  report.  Indicate  whether 
“Restricted  Data*'  is  included  Marking  la  to  b*  in  accord¬ 
ance  with  appropriate  security  regulations. 

2b.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forces  Industrial  Manual.  Entor 
the  group  niaHber.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author* 
ised. 

3.  REPORT  TITLE:  Eater  tbs  complete  report  title  in  alt 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  aelected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title, 

4.  DESCRIPTIVE  NOTES  If  appropriate,  enter  the  type  of 
report,  r.p .  interim,  process,  summary,  annual,  or  final. 

Give  the  inclusive  dales  when  a  specific  reporting  period  is 
covered. 

3.  AUTHORISE  Eater  the  ntmr(s)  of  authorfs)  a*  shown  on 
or  in  the  report.  Eotm  last  name,  first  name,  saddle  initial. 

If  military,  stow  rush  and  branch  of  service.  The  name  of 
tb*  principal  suitor  ta  on  absolute  minimum  requirement. 

6.  REPORT  DATE  Eater  the  date  of  the  report  as  day, 
month,  year,  or  noash,  yean  If  more  than  one  date  appears 
|  on  the  report,  use  date  of  publication. 

?e.  TOTAL  NUMBER  OF  PACER  The  total  page  const 
should  follow  normal  pagination  procedures,  ls,  ester  the 
smmbe*  ol  pages  containing  information 

NUMBER  Or  REFERENCES  Enter  the  total  number  of 

laldppmapp  pRp4  m  Ikm  vtnsnt 

•a  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  otmhet  of  the  contract  or  groat  under  which 
the  report  woo  written. 

•4.  fc.  h  Ed.  PROJECT  NUMBER:  Enter  the  appropriate 
military  depart  meet  tdantlhcetton.  each  ae  protect  number, 
subproject  number,  eyotem  numbers,  tank  number,  etc. 

•e.  ORIGINATOR'S  REPORT  NUMERft):  Enter  the  effi- 
ctni  report  numbor  by  which  the  document  will  be  idem  if  led 
end  coasrelled  by  the  eriginmkng  ecttvtty.  This  number  meet 
be  unique  Is  tbie  report. 

to  OTHER  REPORT  NUMBEMfSL  U  the  report  hen  been 
assigned  sny  other  r^ert  tmbnt  ferttor  by  (be  engineror 
or  bp  lb*  apemnerX  site  enter  Hu*  Humbert*). 

to.  AVAlLAaaJTT/UMrrATIOR  NOT1CER  Enter  say  tin. 
Mat  ten*  sn  ftettor  dieeemmetien  *f  the  report,  other  then  these 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  “Qualified  requester*  any  obtain  capias  of  thia 
report  from  DDC.” 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized. " 

(3)  “U  1  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  “U.  R  military  agencies  may  obtain  copies  of  this 

report  directly  bom  DDC  Other  qualified  users 
shall  request  through 


(5)  “All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  toe  been  furnished  to  the  Office  of  Technical 
Services.  Department  of  Commerce,  lor  sole  to  the  public,  indi¬ 
cate  this  feet  end  enter  the  price,  it  knowm 

IL  SUPPLEMENTARY  NOTER  Use  r or  additional  esplenn- 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Em  or  tb*  name  of 
(he  departmental  project  office  or  laboratory  sponsoring  (per 
»n#  for)  the  research  and  development.  Include  sdbesa. 

13  ABSTRACT:  Eater  an  atotroct  gieing  a  brtel  and  factual 
summary  of  tb*  document  indicative  of  I  to  report,  even  though 
tl  may  also  appear  elsewhere  in  tb*  tody  of  the  technical  re¬ 
port.  If  additional  space  is  required.  *  coat  taunt  ten  sheet  shall 
be  attached. 

It  is  hiMity  desirable  that  tb*  abstract  of  classified  reports 
be  unclassified  Sock  paragraph  of  lb*  obstruct  shall  end  with 
••  indication  *f  the  military  security  clseeiflcelion  of  the  in¬ 
formation  is  Me  per*  graph,  represented  ns  IT  It.  It}.  IC>.  *>  (Vi 

There  is  no  limitation  an  the  length  af  the  abstract  Hear 
ever,  the  suggested  length  is  from  ISO  to  22S  tread* 

14  KET  WORDS:  Key  wards  era  technically  meaningful  terms 
or  short  phrases  that  characterize  *  report  and  may  be  need  a* 
lades  entries  for  cataloging  gw  report.  Key  words  must  be 
selected  so  diet  so  aecnrtty  classification  is  required.  Menu 
fier*.  such  as  equipment  model  desIRwtlon.  trod*  asm*,  military 
protect  cede  now*,  geographic  local  ion.  may  be  used  so  bey 
stead*  tot  enU  be  I el  l  owed  by  an  indication  of  lector  re  I  cen- 
l*t<.  The  assignment  *f  links,  rules,  sod  weight*  is  optional 


UNCLASSIFIED 

Security  Classi  first-''* 


r 


